using a data set corresponding to an integrated luminosity of 469 fb À1 collected with the BABAR detector at the PEP-II asymmetric energy e þ e À storage rings. The decay rate CP asymmetries, A CP , are determined to be ðþ0:13 AE 0:36ðstatÞ AE 0:25ðsystÞÞ%, ðÀ0:05 AE 0:23ðstatÞ AE 0:24ðsystÞÞ%, and ðþ0:6 AE 2:0ðstatÞ AE 0:3ðsystÞÞ%, respectively. These measurements are consistent with zero, and also with the Standard Model prediction [ðÀ0:332 AE 0:006Þ% for the D AE ! K 
I. INTRODUCTION
The search for CP violation (CPV) in charm decays provides a sensitive probe of physics beyond the Standard Model (SM). Owing to its suppression within the SM, a significant observation of direct CPV in charm decays would indicate the possible presence of new physics effects in the decay processes. In a previous article [1] , we reported a precise measurement of the CP asymmetry in the D AE ! K 0 S AE mode, where the measured asymmetry was found to be consistent with the value expected from indirect CPV in the K 0 system. The LHCb and CDF Collaborations have recently reported evidence for CPV in charm decays by measuring the difference of CP asymmetries in the [2, 3] , which is mainly sensitive to direct CPV. The size of the world average direct CP asymmetry difference, ðÀ6:56 AE 1:54Þ Â 10 À3 [4] , suggests either a significant enhancement of SM penguin amplitudes or of new physics amplitudes (or both) in charm decays [5] . Improved measurements of the CP asymmetries in the individual two-body modes, along with measurements in other channels, are needed to determine the nature of the contributing amplitudes.
We present herein measurements of the decay rate CP asymmetry, A CP , defined as
in the decay modes
AE . Previous measurements of A CP in these channels have been reported by the CLEO-c [6] and Belle Collaborations [7] . As for the A CP measurement in D AE ! K 0 S AE , we expect an A CP asymmetry of ðAE0:332 AE 0:006Þ% [8] resulting from CPV in K 0 À " K 0 mixing [9] . The sign of the K 0 -induced asymmetry is For this analysis we employ a technique similar to that used for our measurement of CPV in the D AE ! K 0 S AE mode [1] . As a result, reference to our previous publication is given for the description of some of the analysis details.
II. THE BABAR DETECTOR AND EVENT SELECTION
The data used for these measurements were recorded at or near the Çð4SÞ resonance by the BABAR detector at the PEP-IIstorage rings and correspond to an integrated luminosity of 469 fb À1 . Charged particles are detected, and their momenta measured, by a combination of a silicon vertex tracker, consisting of five layers of double-sided detectors, and a 40-layer central drift chamber, both operating in a 1.5 T axial magnetic field. Charged-particle identification is provided by specific ionization energy loss measurements in the tracking system and by the measured Cherenkov angle from an internally reflecting ring-imaging Cherenkov detector covering the central region of the detector. Electrons are detected by a CsI(Tl) electromagnetic calorimeter. The BABAR detector, and the coordinate system used throughout, are described in detail in Refs. [11, 12] . We validate the analysis procedure using Monte Carlo (MC) simulation based on GEANT4 [13] . The MC samples include e þ e À ! q " qðq ¼ u; d; s; cÞ events, simulated with JETSET [14] and B " B decays simulated with the EVTGEN generator [15] . [8] , which is approximately AE2:5 in the measured K 0 S mass resolution. The 2 probability of the þ À vertex fit must be greater than 0.1%. Motivated by MC studies, we require the measured flight length of the K 0 S candidate to be at least 3 times greater than its uncertainty, to reduce combinatorial background. A reconstructed charged-particle track that has p T ! 400 MeV=c is selected as a pion or kaon candidate, where p T is the magnitude of the momentum in the plane perpendicular to the z axis (transverse plane). In our measurement, we require that a pion candidate not be identified as a kaon, a proton, or an electron, and that a kaon candidate be identified as a kaon, and not as a pion, a proton, or an electron. Identification efficiencies and misidentification rates for electron, pions, kaons, and protons with 2 GeV=c momentum in the laboratory frame are reported in Table I . The criteria used to select pion or kaon candidates are very effective in reducing the charge asymmetry from track reconstruction and identification, as inferred from studying the data control samples described below. A vertex fit to the whole decay chain, constraining the D AE ðsÞ production vertex to be within the e þ e À interaction region, is then performed [16] . We retain only D AE ðsÞ candidates having a 2 probability for this fit greater than 0.1%, and an invariant mass mðK [17] . The final selection criteria, based on the outputs of the multivariate selectors, are optimized using truth-matched signal and background candidates from the MC sample. For the optimization, we maximize the S= ffiffiffiffiffiffiffiffiffiffiffiffiffi S þ B p ratio, where S and B are the numbers of signal and background candidates, respectively, with invariant mass within AE30 MeV=c 2 of the nominal D AE ðsÞ mass, which is approximately AE3 in the measured mass resolution.
III. SIGNAL YIELD AND ASYMMETRY EXTRACTION
For each mode the signal yield is extracted using a binned maximum likelihood (ML) fit to the distribution of the invariant mass mðK 
S AE ) mode the charm background is mainly from the tail of the invariant mass distribution for
S K AE mode, the misreconstructed charm background originates mainly from D AE ! K 0 S AE decays for which the AE is misidentified as a K AE . Assigning the wrong mass to the pion shifts the reconstructed invariant mass, and the resulting distribution is a broad peak with mean value close to the D AE s mass. For each mode, the invariant mass distribution due to charm background is modeled using a histogram PDF obtained from a MC sample of simulated charm background decays. The combinatorial background is described by a first(second)-order polynomial for the 
where
) is the number of D þ ðsÞ (D À ðsÞ ) decays determined from the fit to the invariant mass distribution. The asymmetry A contains two contributions in addition to A CP , namely the forward-backward (FB) asymmetry (A FB ), and a detector-induced component. We measure A FB together with A CP using the selected data set, while we correct the data for the detector-induced component using coefficients derived from a control sample.
IV. CORRECTION OF DETECTOR-RELATED ASYMMETRIES
We use a data-driven method, described in detail in Ref. [1] , to determine the charge asymmetry in track reconstruction as a function of the magnitude of the track momentum and its polar angle in the laboratory frame. The method exploits the fact that Çð4SÞ ! B "
B events provide a sample evenly populated with positive and negative tracks, free of any physics-induced asymmetries. The offresonance momentum distribution is subtracted from the on-resonance one, to remove any contribution from continuum, for which there is a FB asymmetry in the center-of-mass frame. This sample is used to compute the detector-related asymmetries in the reconstruction of charged-particle tracks. Starting from a sample of 50:6 fb À1 of data collected at the Çð4SÞ resonance and an off-resonance data sample of 44:8 fb À1 , we obtain a large sample of charged-particle tracks and apply the same charged pion or kaon track selection criteria used in the reconstruction of the D modes. Then, after subtracting the off-resonance contribution from the on-resonance sample, we obtain a sample of more than 120 Â 10 6 pion candidates, and 40 Â 10 6 kaon candidates, originating from Çð4SÞ decays. We use the full off-resonance sample and an equivalent luminosity for the on-resonance sample, because, due to the subtraction procedure, including additional data in the on-resonance sample does not improve the statistical error on the correction ratios mentioned below. These candidates are then used to compute the efficiency ratios for positive and negative pions and kaons. 
FIG. 3 (color online). (Top)
The ratio between the detection efficiency for K þ and K À , and (bottom) the corresponding statistical errors. The values are computed using the numbers of K þ and K À tracks in the selected control sample. 
FIG. 2 (color online). (Top)
The ratio between the detection efficiency for þ and À , and (bottom) the corresponding statistical errors. The values are computed using the numbers of þ and À tracks in the selected control sample.
V. EXTRACTION OF A CP AND A FB
Neglecting higher-order terms that contain A CP and A FB , the resulting asymmetry can be expressed simply as the sum of the two. Given that A FB is an odd function of cos S AE , has the same magnitude but opposite-sign asymmetry due to K 0 À " K 0 mixing, we use a separate parameter for the asymmetry of the charm background candidates. To achieve a more stable fit, if the fit results for a split parameter are statistically compatible between two or more subsamples, the parameter is forced to have the same floating value among those subsamples only. For the D first Gaussian function for the signal PDF is set to the same floating value in intervals 1, 2, 3, and 4. The first-order coefficient of the polynomial describing the combinatorial background is set to the same floating value in intervals We perform two tests to validate the analysis procedure for each channel. The first involves generating 5000 toy MC experiments with a statistics equal to data using the PDF and the parameters obtained from the fit to data. After extracting A CP from each experiment, for the
S K AE modes, we deduce from the mean of the A CP pull distributions the presence of a small bias in the fitted value of each fit parameter (the means are À0:036 AE 0:014 and þ0:041 AE 0:014, respectively). To account for this effect we apply a correction to the final values equal to þ0:013% for the
The A CP pull distributions show that the fit provides an accurate estimate of the statistical error for all the modes. The second test involves fitting a large number of MC events from the full BABAR detector simulation. We measure A CP from this MC sample to be consistent with the generated value of zero.
VI. SYSTEMATICS
The main sources of systematic uncertainty are listed in Table II for each decay mode, together with the overall uncertainties. The primary sources of systematic uncertainty are the detection efficiency ratios used to weight the D À ðsÞ yields, and the contributions from misidentified particles in the data control sample used to determine the charge asymmetry in track reconstruction efficiency.
The technique used to remove the charge asymmetry due to detector-induced effects produces a small systematic uncertainty in the measurement of A CP due to the statistical error in the relative efficiency estimation. This systematic uncertainty depends only on the type of charged particle (pion or kaon) in the final state, and not on the initial state. To estimate the systematic uncertainty on A CP resulting from this source, the relative charged-particle efficiency in each interval of momentum and cos is randomly drawn from a Gaussian distribution whose mean is the nominal relative efficiency in that interval, and where the rootmean-squared (rms) deviation is the corresponding statistical error. For each mode, we generate 500 such charged-particle relative-efficiency distributions and use them to obtain 500 A CP values, following the procedure described earlier to determine the nominal value of A CP . The rms deviation of these 500 values from the nominal A CP is taken to be the systematic uncertainty. For the D 
S K
AE MC sample when the corrections are applied, and again when not, we obtain a shift of þ0:05% and we assume this for both the D
For all the modes, we shift the measured A CP by this correction value and then, conservatively, include the magnitude of this shift as a contribution to the systematic uncertainty.
Using MC simulation, we evaluate an additional systematic uncertainty of AE0:01% due to a possible charge asymmetry present in the control sample before applying the TABLE II. Summary of the systematic uncertainty contributions for the A CP measurement in each mode. The values are absolute uncertainties, even though given as percentages. The total value corresponds to the sum in quadrature of the individual contributions. Table II. We also consider a possible systematic uncertainty due to the regeneration of neutral kaons in the material of the detector. The K 0 and " K 0 mesons produced in the decay processes can interact with the material in the tracking volume before they decay. Following a method similar to that described in Ref. [18] , we compute the probability for a K 0 or a " K 0 meson to interact inside the BABAR tracking system and estimate systematic uncertainties of 0.05% (D [19] . This correction term depends on the proper time range over which decay distributions are integrated, and on the efficiency of the reconstruction of the þ À final state as a function of proper time. We compute the reconstruction efficiency distribution as a function of proper time using MC truth-matched K 0 S decays after the full selection. Following the method in Ref. [19] we estimate the asymmetry-correction term ÁA CP defined as
Systematic uncertainty
where A fit CP is the value obtained from the fit and A corr CP is the corrected value. The correction terms are reported in Table III and, to be conservative, we include their absolute values as contributions to the systematic uncertainty estimates. We also estimate the correction factor for the D AE ! K 0 S AE mode using the K 0 S reconstruction efficiency distribution after the selection detailed in Ref. [1] and obtain the value þ0:002%. All these corrections are rather small, even compared to those estimated in a similar analysis [20] . The smaller values of the corrections in the present analysis are due to the improved efficiency for K 0 S mesons with short decay times that we obtain by applying the requirement on the decay length divided by its uncertainty, rather than on the decay length alone.
VII. CONCLUSION
In conclusion, we measure the direct CP asymmetry A CP in the D AE ! K S AE modes using approximately 159000, 288000, and 14000 signal candidates, respectively. The measured A CP value for each mode is reported in Table III , where the first errors are statistical and the second are systematic. In the last row of the table, we also report the A CP values after subtracting the expected A CP contribution for each mode due to K 0 À " K 0 mixing. The results are consistent with zero, and with the SM prediction, within 1 standard deviation.
ACKNOWLEDGMENTS
We are grateful for the extraordinary contributions of our PEP-II colleagues in achieving the excellent luminosity and machine conditions that have made this work possible. The success of this project also relies critically on the expertise and dedication of the computing organizations that support BABAR. The collaborating institutions wish to thank SLAC for its support and the kind hospitality extended to them. This work is supported by the U.S. Department of Energy and National Science Foundation, the Natural Sciences 
